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1. Introduction 
The issues of prehistoric impact on the environment, resource overexploitation, and 
overfishing have emerged as major themes over the last few decades as scholars have come 
to realize that indigenous peoples, even those living at relatively simple levels of 
technology, such as land-based hunter-gatherers and “maritime hunter-gatherers” (Yesner, 
1980), appear to have had the capability of significantly altering their local and regional 
environments by reducing biodiversity through customary subsistence practices such as 
horticulture, hunting, shellfish collecting, and fishing (Keegan, Portell, & Slapcinsky, 2003; 
Krech, 1999; Newsom & Wing, 2004; Redman, 1999; Wing, 1989, 2001; Wing & Wing 2001). 
Modern zooarchaeological techniques and accompanying statistical analyses are allowing us 
to address these important themes by providing quantitative measures of prehistoric 
human-environmental interaction, but zooarchaeological data must be multivariate (and 
demonstrate consistent trends), and must be understood within the broader context of 
human social behavior, modes of prehistoric subsistence, and human adaptation to ancient 
environments. Multifaceted evidence from numerous zooarchaeological studies across the 
Greater Caribbean illustrates that the Taíno and related cultures of the Antilles, including 
the Lucayans of the Bahamas, indeed had significant, wide-reaching, and profound impacts 
on the terrestrial, intertidal, and marine environments of the Greater and Lesser Antilles and 
the Bahamian Archipelago (Blick, 2006; Blick & Murphy, 2005; Carlson, 1999; Carlson & 
Keegan, 2004; Keegan, Portell, & Slapcinsky, 2003; Newsom & Wing, 2004; Steadman & 
Stokes, 2002; Wing, 2001; Wing, deFrance, & Kozuch, 2002; Wing & Wing, 2001). In fact, 
prehistoric impact on the environment appears to be one of the main emerging themes of 
island and coastal archaeology, particularly in the Caribbean, of the last three decades or so 
(Erlandson & Fitzpatrick, 2006; Newsom & Wing, 2004; Wing, 1989; Wing & Reitz, 1982; 
Wing & Scudder, 1983). 
The issues of marine resource exploitation and fishing pressure, sometimes referred to as 
overfishing, appear to have reached a critical mass in the scientific literature in recent years 
(Baum et al., 2003; Coleman et al., 2004; Conover & Munch, 2002; Hawkins & Roberts, 2004; 
Jackson et al., 2001; Mumby et al., 2006; Pandolfi et al., 2003; Pauly et al., 1998; Sibert et al., 
2006; Worm et al., 2006). Recreational, artisanal, and industrial fishing pressures on coastal 
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and marine ecosystems clearly have implications for the conservation, establishment, and 
management of modern no-take reserves and marine protected areas. Based upon an 
examination of the scientific literature, characteristics of overfishing include: targeting and 
depletion of apex predators (Baum et al., 2003; Estes, et al., 2011; Frank, et al., 2005; Hawkins 
& Roberts, 2004; Jackson et al., 2001) such as sharks, groupers, snappers, jacks, and larger 
individuals (Conover & Munch, 2002; Hawkins & Roberts, 2004; Pandolfi et al., 2003; Pauly 
et al., 1998; Sibert et al., 2006); truncated or decreasing size and age distributions of targeted 
species (“growth overfishing”) (Coleman et al., 2004; Conover & Munch, 2002; Pauly et al., 
1998); genetic changes in somatic growth rates (Conover & Much, 2002); declining fisheries 
biomass (Hawkins & Roberts, 2004; Sibert, 2006); altered community composition or 
functioning (Bjorndal & Jackson, 2003; Coleman et al., 2004; Estes, et al., 2011; Frank, et al., 
2005; Hawkins & Roberts, 2004; Jackson et al., 2001; Mumby et al., 2006; Worm et al., 2006); 
decline in the mean trophic level of fisheries landings (Pauly et al., 1998); reduction of 
biodiversity (Jackson et al., 2001; Pandolfi et al., 2003; Worm et al., 2006); and regional 
extirpations or global extinctions (Hawkins & Roberts, 2004; Jackson et al., 2001; Pandolfi et 
al., 2003). Several of these phenomena are observable in the data presented in this chapter 
(see also Blick, 2006; 2007; Blick & Kjellmark, 2006).  
Regarding human impact on coastal and marine ecosystems, the good news appears to be 
that current rates of overfishing are reversible, at least on local and regional scales (Myers et 
al., 1995; Worm et al., 2006), and biologists are now aware of the pitfalls of focusing on only 
one key species (Baum et al., 2003) or substrate (e.g., sea grasses, reefs) (Mumby et al., 2006) 
for conservation purposes. The bad news is that “humans have been disturbing marine 
ecosystems since they first learned how to fish” (Jackson et al., 2001:629) and that “Changes 
in ecosystem structure and function occurred as early as the late aboriginal [stage]” (Jackson 
et al., 2001:636) and will likely continue unabated into the near future when global fisheries 
are projected to collapse by ca. A.D. 2050 (Pauly et al., 1998; Worm et al., 2006). Finally, the 
question of whether or not the pre-Columbian Lucayans of San Salvador practiced 
“sustainable” harvesting of coastal and marine organisms will be addressed. The answer to 
this question has serious implications for the concept of ecological sustainability in 
conservation circles and has grave implications regarding human population size, resource 
use, and environmental impacts in the future.  
The main purpose of this chapter is to present new data from the archaeological record of 
the island of San Salvador, Bahamas, on the nature of prehistoric impact on the 
environment and to examine the nature of pre-Columbian resource overexploitation and 
overfishing. The findings derive from two roughly contemporaneous archaeological sites, 
Minnis-Ward (SS-3) and North Storr’s Lake (SS-4), located on opposite sides of San 
Salvador with somewhat different ecological and archaeological characteristics (see 
Background, below). Remains of key invertebrate and vertebrate fauna are used to 
illustrate significant trends of decline in abundance and size of prehistoric subsistence items, 
several of which were highly ranked or preferential food resources of the Lucayan Indians 
of the Bahamas (see Keegan, 1992:132, Table 6.1). Even though the pre-Columbian 
population of the island was relatively minor, the evidence presented herein indicates that 
the Lucayan population of San Salvador had significant environmental impacts on the 
terrestrial, intertidal, and marine environments of this small island ecosystem. 
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2. Background 
2.1 The study area: San Salvador Island, Bahamas 
San Salvador Island is one of some 700 islands in the Commonwealth of the Bahamas 
located at approximately 24o03’10.44”N, 74o29’26.78”W (GoogleEarth, 2006) (Figure 1). San 
Salvador is best known as the leading contender for the site of the historic Columbus 
landfall in October of 1492 (Long Bay Site, SS-9, white triangle in Figure 2; Blick, 2011a; Brill 
& Hoffman, 1985; Brill et al., 1987; Hoffman, 1987; Keegan, 1992; Obregón, 1987, 1989). Prior 
to Columbus’s arrival that fateful year, San Salvador and the rest of the Bahamian 
Archipelago had been occupied since about A.D. 600 by a prehistoric Arawakan-speaking 
people known as the Lucayans, the “island people” of the Bahamas (Albury, 1975; Berman 
& Gnivecki, 1995; Granberry & Vescelius, 2004; Keegan, 1992). 
 
Fig. 1. Map of the Commonwealth of the Bahamas. San Salvador is located at approximately 
24oN 74o30’W in the central eastern Bahamas. Scale is 1000 km (622 miles). 
The Lucayans were a seafaring, fishing, and horticultural society with origins ultimately on 
the South American mainland (Rouse, 1992; S. Wilson, 1999). They were master dugout 
canoe makers and wood carvers (Albury, 1975; Berman, 1999) and they traded with cultures 
as far away as Central and South America (Johnson, 1980). Lucayan subsistence was based 
on a mixed economy of fishing in the semi-tropical waters of their islands and on 
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horticulture of such plants as manioc, cocoyam, maize, other starchy vegetables, gourds or 
squashes, chili peppers, fruits, cotton, tobacco, etc. (Berman & Pearsall, 2000, 2005, 2008; 
Keegan, 1992; Perry, et al. 2007). There is substantial plant macrofossil, phytolith, and pollen 
evidence from San Salvador and Andros Island that indigenous horticultural practices 
altered the terrestrial landscapes of the islands of the Bahamas during the pre-Columbian 
period (Berman & Pearsall, 2000; Blick & Kjellmark, 2006; Kjellmark, 1996). 
Some of the earliest evidence for human occupation in the Bahamas comes from San Salvador 
(Berman & Gnivecki, 1995). Dated to about A.D. 600, these peoples had ceramic ties with 
nearby islands of the Greater Antilles such as Cuba and Hispaniola (Berman & Gnivecki, 1995; 
Granberry & Vescelius, 2004; Hoffman, 1967; Winter & Gilstrap, 1991). Over the ca. 900 years 
of occupation on the island of San Salvador, the Lucayans founded, and thrived at, some 40 
prehistoric sites across the island (Blick, Hopkins, & Oetter, 2011; Hopkins, Oetter, & Blick, 
2011), most of which were located on dune ridges near the coastline and the ocean resources 
they had come to rely upon for their sustenance (Keegan, 1997). 
This study is based upon archaeological work performed at two sites on San Salvador, the 
Minnis-Ward site (SS-3) and the North Storr’s Lake site (SS-4) (Figure 2). Generally 
speaking, these two sites are roughly contemporaneous, located on opposite sides of the 
island, and have somewhat different ecological and archaeological characteristics. 
Calibrated radiocarbon dates from Minnis-Ward span the period ca. A.D. 880-1490 (2-sigma) 
(Blick & Dvoracek 2011; Blick, Creighton, & Murphy 2006; Winter, 1981, 1997) while 
calibrated pre-Columbian dates from North Storr’s Lake range from ca. A.D. 860-1520 (2-
sigma) (Blick & Dvoracek, 2011; Blick, Creighton, & Murphy 2006; Delvaux, Fry, & Murphy, 
2006; Shaklee, Fry, & Delvaux 2007). The Minnis-Ward site is a linear village on a dune ridge 
located on the western or leeward side of San Salvador near a patch reef complex and is 
situated about 200 m from the ocean. North Storr’s Lake is also a linear village on a dune 
ridge and adjacent lakeshore on the eastern or windward side of the island about 180 m 
from the ocean near a linear fringing reef. Archaeological deposits differ, with Minnis-Ward 
characterized by a high density midden with abundant Scaridae (parrotfishes), moderate 
amounts of Cheloniidae (sea turtle), and a few high status artifacts including imported 
pottery, an imported sandstone tablet, a rock crystal, and a serpentine cohoba (Anadenanthera 
peregrina) hallucinogenic snuff grinder (Blick, et al., 2009). North Storr’s Lake appears to 
have a medium-to-high density midden with abundant Serranidae (grouper) and 
Cheloniidae (Blick & Murphy, 2005; Blick, Creighton, & Murphy, 2006), and several likely 
high status artifacts including copper fragments, greenstone nodules, a quartz crystal, a 
petaloid ax (Delvaux, Fry, & Murphy, 2006), and an incised shell inlay fragment for a 
wooden pre-Columbian idol known as a zemi (“spirit figure”) (Blick, Creighton, & Murphy, 
2006:29, Fig. 23a). 
More specifically, the Minnis-Ward site is located on the northwest corner of San Salvador 
Island, approximately 1 km south of Rocky Point some 200 m east (inland) from the ocean 
and some 100 m west of Triangle Pond (Figure 2). The site’s coordinates are 24o06’2.22”N, 
74o31’5.5”W (Winter, 1997). Dimensions of the site are approximately 100 x 100 m, covering 
an elongated elliptical area of ca. 8400 m2 (Winter, 1997) along a southwest-northeast 
trending dune ridge. The Minnis-Ward site (aka Ward site, Ward/Minnis site, etc.) was first 
reported by Ruth Wolper in the late 1950s and tested by John Goggin in 1960 (Hoffman, 
1967; Winter, 1997). Testing and excavations by John Winter (1980, 1981, 1997) have yielded 
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large quantities of vertebrate and invertebrate faunal remains (Winter & Wing, 1995) 
dominated by Scaridae and Serranidae, including relatively abundant quantities of 
Cheloniidae, some of which have been identified to the species Caretta caretta (Linnaeus, 
1758) (loggerhead turtle) (Winter, 1980, 1981). Prehistoric radiocarbon dates reported by 
Winter (1981, 1997) and Blick, Creighton, & Murphy (2006; see also Blick & Dvoracek, 2011) 
span the period ca. A.D. 880-1490 (calibrated, 2-sigma). Winter (1980:3) also reports three 
post molds (impressions of posts) in the “yellow-white coral sand” of the site at about 51-53 
cm below the surface, perhaps indicative of a pre-Columbian structure at the site. Blick’s 
(2003) preliminary shovel testing program at the site also revealed evidence for the presence 
of multiple prehistoric houses at the site based on the spatial distribution of artifacts recovered 
in shovel tests. Winter (1981:5) classifies the site as an “open village site,” an interpretation 
supported by Blick (2003, 2004). The archaeological materials from Minnis-Ward discussed in 
this chapter derive from Blick’s May 2004 excavation of a 5x5 m unit in a high density area of 
artifacts near a pre-Columbian structure designated as Household 1 (Blick, 2004). Additional 
work at Minnis-Ward, now a threatened site, continued in 2009 and 2010. 
The North Storr’s Lake site (SS-4) is a prehistoric Lucayan archaeological site located on the 
northeastern side of the island of San Salvador (Figure 2) contained within an area of 
approximately 300 meters north-south by 150 m east-west between the northeast shoreline 
of northern Storr’s Lake and the east facing foredune paralleling the Atlantic Ocean. Based 
on current data available from GoogleEarth (2006), the coordinates of the approximate 
center of the site are 24o05’00.00”N, 74o26’ 19.00”W. Like many of the archaeological sites on 
San Salvador, the North Storr’s Lake site was discovered in the early 1980s by John Winter 
(Winter, 1981, 1982). Winter (1981) reports that he excavated six test pits at the North Storr’s 
Lake site and recovered prehistoric Lucayan Palmetto Ware pottery from two of the six test 
pits. “The two pits which produced sherds are located in that region of the lake which is 
covered with swamp vegetation” (Winter, 1981:7). Also according to Winter (1982:8), in 
January 1982, “five test pits were dug at the Storrs Lake Site … in order to better evaluate 
the size and nature of the site.” Although a portion of the site appears to have been 
disturbed at that time by cultivation and bulldozer operations, “cultural material came from 
a depth of between 29-35 cm” (Winter, 1982:8). At the time of the 1982 investigation, Winter 
reported the dimensions of the site to be approximately 111 m long by 56 m wide. 
According to Winter (1982:8), “Since parts of the site seem undisturbed, and since it is larger 
than many other sites presently known in the Bahamas, excavation in the future may be 
warranted.” As far as the author’s knowledge is concerned, the North Storr’s Lake site 
subsequently lay untouched by archaeologists until 1996 when Dr. Gary Fry of Youngstown 
State University (YSU) began a multi-year project that lasted until 2001. Previous work 
performed under the auspices of YSU under the supervision of Dr. Gary Fry and Tom 
Delvaux has been recently described by Delvaux, Fry, & Murphy (2006) and Shaklee, Fry, & 
Delvaux (2007). Radiocarbon dates reported by Shaklee, Fry, & Delvaux (2007:34, Table 1) 
for the North Storr’s Lake site span the time range ca. A.D. 860-1650 (calibration not 
reported; the later date is most probably non-Lucayan) with new prehistoric dates reported 
by Blick, Creighton, & Murphy (2006) and Blick & Dvoracek (2011) on a different portion of 
the site covering the period ca. A.D. 1300-1520 (calibrated, 2-sigma). The archaeological 
materials from North Storr’s Lake discussed in this chapter derive from Blick’s May 2005 
2x2 m excavation in a high density household midden area (Blick & Murphy, 2005) 
associated with abundant fish remains and the latter radiocarbon dates. 
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Fig. 2. Map of the island of San Salvador, Bahamas showing the locations of the Minnis-
Ward site (SS-3) (NW corner of the island) and the North Storr’s Lake site (SS-4) (NE corner 
of the island) (sites indicated by yellow triangles). Scale is 10 km (6.22 miles). The Long Bay 
site (SS-9) (white triangle) is the probable site of the 1492 Columbus landfall (Blick, 2011a). 
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2.2 Pre-Columbian resource overexploitation in the Greater Caribbean and Bahamas 
Over approximately the last three decades, zooarchaeologists working in the Greater 
Caribbean and Bahamas have recorded numerous archaeological sites where quantities and 
sizes of crab, mollusks, and fishes have declined over time from earlier to later deposits. One 
of the first cases in which such a trend was noticed was the decline in abundance of 
Gecarcinidae (land crab) remains on Puerto Rico by Rainey (1940) which he interpreted as 
the transition from a “crab culture” to a “shell culture,” suggesting two different cultural 
groups with varying subsistence strategies. Rainey’s model has since been shown to be 
incorrect since pottery styles (thought to be indicative of different cultures or migrations) 
did not change during this transition (Goodwin, 1980; Rouse, 1992). Various explanations 
have been put forth to explain this shift from an abundance of crab in earlier cultural 
periods to a greater reliance on mollusks in later cultural periods, including depletion of 
crab by human predators, climate change, and alteration of the terrestrial landscape by 
habitat-destroying human agricultural practices (Jones, 1985; Carlson & Keegan, 2004). The 
declines in abundance and size of Gecarcinidae have since been noticed on many Caribbean 
islands such as Antigua, Nevis, Puerto Rico, Saba, St. John, St. Martin, St. Thomas, etc. 
(Jones, 1985; Quitmyer, 2003; Wing, 2001; Wing, deFrance, & Kozuch, 2002), and is today 
recognized as a widespread phenomenon in the archaeological record of the Caribbean 
(Serrand, 2002). The most common explanation for this widespread pattern of decline in 
Gecarcinidae remains is overexploitation by human collectors (see also LaPilusa & 
Heilveil, 2011). 
Mollusks, such as Cittarium pica (Linnaeus, 1758) (West Indian top shell), Strombus gigas 
(Linnaeus, 1758) (queen conch), etc., are also reported to exhibit changes in frequencies and 
sizes over time in the archaeological record of the Caribbean on such islands as Jamaica, 
Nevis, St. John, St. Thomas, and others (Keegan, Portell, & Slapcinsky, 2003; Quitmyer, 2003; 
Wing, 2001; Wing, deFrance, & Kozuch, 2002). A preliminary field study by Blick 
(unpublished data) of S. gigas indicates total length of the body of the queen conch was 
significantly longer on specimens from pre-Columbian middens (e.g., Barker’s Point Shell 
Midden, SS-37) and shorter on specimens from modern conch middens (e.g., modern conchs 
along the western side of Dump Point site, SS-28/35). Some scholars have suggested that as 
crab becomes scarce, pre-Columbian shellfish gatherers switch to other protein sources to 
make up for the lack of others (e.g., Wing, 2001). Keegan (1992), on the other hand, lists S. 
gigas and C. pica as high ranking food resources which would have been targeted first due to 
their desirable protein and calorie yields, while low value species such as chitons “should 
have been among the last items added to the diet” (Keegan,1992:130). Chitons, such as 
Chiton tuberculatus (Linnaeus, 1758) (common West Indian chiton) and Acanthopleura 
granulata (Gmelin, 1791) (fuzzy chiton), appear to be poorly studied and under-reported in 
the archaeological literature of the Caribbean (see for example Keegan, 1992; Newsom & 
Wing, 2004), so their inclusion in this chapter may motivate others to look more carefully 
at chitons as potential indicators of human overexploitation of the environment. Reported 
changes in frequencies and sizes of mollusks from earlier to later deposits, to local 
disappearance of the resource, are generally taken to reflect stress and intensive 
exploitation as a result of human predation leading to overfishing and eventual local 
extirpations (Keegan, Portell, & Slapcinsky, 2003; Newsom & Wing, 2004; Wing, 2001; 
Wing, deFrance, & Kozuch, 2002).  
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Perhaps the most significant finding to have emerged from Caribbean archaeology in recent 
decades is the recognition of several trends of decreasing abundance and size of various 
fishes and changing composition of tropical fish communities, especially notable among reef 
dwellers and coral reef communities. Islands where such studies have been performed 
include Antigua, Grand Turk, Haiti, Jamaica, Nevis, Puerto Rico, Saba, St. Martin, and St. 
Thomas, among others (Carlson & Keegan, 2004; Jones, 1985; Wing, 2001; Wing, deFrance, & 
Kozuch, 2002; Wing & Wing, 2001). These studies show clear and convincing evidence of 
decreasing abundance of a variety of types of fishes, decreasing size of those fishes as 
measured by widths of atlases and vertebral centra (which can then be converted to body 
weights using allometric formulae – see Methods, below), and decline in top predators 
present in the faunal assemblages with a concomitant increase in herbivores and omnivores 
(primarily parrotfishes). Only rarely do similar studies show opposing or somewhat 
different trends (Carder, Reitz, & Crock, 2007; Whyte, Berman, & Gnivecki, 2005). The 
recognition of similarities in these trends between pre-Columbian fisheries and modern 
global fisheries has major conservation implications regarding fisheries management, 
sustainability, and human population impact on the environment.  
Many of the same studies cited above also demonstrate convincing patterns of decline in the 
number of taxa identified archaeologically which is taken to represent decline in taxa 
richness, or biodiversity. In earlier deposits, there are numerically more (and more diverse) 
taxa than in later archaeological deposits. At the same time, a number of these studies also 
reports declines in the average trophic levels over time of the total aquatic fauna in the 
archaeological deposits of various Caribbean islands from the Greater to the Lesser Antilles 
(Puerto Rico, St. Thomas, St. Martin, Saba, Nevis, etc.) (Newsom & Wing, 2004; Wing, 2001; 
Wing, deFrance, & Kozuch, 2002; Wing & Wing, 2001). The phenomena mentioned in the 
paragraphs above are attributed to human-induced resource overexploitation and 
overfishing of local environments near prehistoric habitation sites. 
3. Methods 
All cultural and faunal remains from the Minnis-Ward and North Storr’s Lake sites were 
collected by the author and students in archaeological sifters or screens using window 
screen with 1.59 mm mesh. The archaeological excavation at the Minnis-Ward site (SS-3) 
was a 5x5 m excavation located near Household 1 at E10N5 excavated in three levels to a 
depth of ca. 40 cm (Blick, 2004). The excavation at North Storr’s Lake (SS-4) was a smaller 
2x2 m excavation unit located in an area of household midden deposit at 81E17N which was 
dug in five levels to a depth of ca. 70 cm (Blick & Murphy, 2005). All soils were passed 
through window screen allowing recovery of very small artifacts such as 1-2 mm shell disc 
beads, fish vertebrae, and other miniscule bones. This method ensured excellent sampling 
and collection of small faunal materials that might otherwise be lost. Excavations were 
conducted within natural sedimentary layers, and excavators attempted to stay within 10 
cm thick arbitrary levels within natural strata. Due to the size of the 5x5 m excavation at 
Minnis-Ward, volume of earth excavated was ca. 10.00 m3 yielding 31,408 artifacts and 
ecofacts; the smaller 2x2 m excavation at North Storr’s Lake revealed 11,927 artifacts and 
ecofacts in ca. 2.80 m3 of earth. Details of the excavations are available in Blick (2004) and 
Blick & Murphy (2005).  
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Vertebrate and invertebrate faunal materials were identified using the comparative 
collections at the University of Florida Museum of Natural History (FMNH), Gainesville 
and the University of Georgia (UGA) Museum of Natural History, Athens and various 
published guidebooks (see Blick & Murphy, 2005 for details). Taxonomic nomenclature 
follows Turgeon, et al., (1998) for invertebrates (mollusks) and Nelson, et al., (2004) for 
vertebrates (fishes). Zooarchaeological methods employed the techniques developed by 
Reitz & Wing (1999), with additional identifications and assistance by Nanny Carder (then 
conducting research at UGA), Irvy R. Quitmyer (FMNH), and Elizabeth J. Reitz (UGA). 
Although additional faunal analyses from both sites continue, all efforts were made to 
identify specimens discussed in this report to the lowest taxonomic level. Faunal material 
was counted and weighed and recorded on preprinted data recording forms and entered 
into computer spreadsheets and/or databases for statistical analyses. Because the purpose 
of these excavations was to investigate changing subsistence patterns and changing 
exploitation of subsistence resources over time, all key specimens were analyzed, weighed 
(in g), quantified, measured (in mm), and tabulated separately according to their 
respective archaeological excavation levels. Weights were recorded using an Ohaus Scout 
Pro SP601 digital scale with 0.1 g accuracy. Linear measurements were taken on all 
complete vertebrate specimens presented in this report using a Helios needle nose dial 
caliper with an accuracy of 0.05 mm. All statistical analyses were performed using 
SYSTAT® (SPSS Inc., 1997) Version 7.0 and verified with a university statistician. For the 
purposes of this chapter, only five faunal categories are reported – three invertebrate and 
two vertebrate taxa – due to sample size and other limitations. The five taxa, the 
particular variables investigated for each, and other measurements based upon them, are 
described briefly, below. 
Gecarcinidae (land crab) shell fragments, chelipeds and dactyls (claws), etc. were quantified, 
weighed and tabulated separately for each excavation level of the two archaeological sites. 
There are two varieties of Gecarcinidae on San Salvador today, Cardisoma guanhumi 
(Latreille, 1825) (great land crab) and Gecarcinus ruricola (Linnaeus, 1758) (black land crab) 
(Diehl, et al., 1988). Archaeological specimens of Gecarcinidae are identifiable typically only 
to the family level (Jones, 1985; Newsom & Wing, 2004; Wing, 2001; Wing, deFrance, & 
Kozuch, 2002) and are notable for their creamy coloration and eggshell-like texture and 
weight. Modern specimens that retain more life-like colors (gray or maroon, depending on 
the species) were excluded from analysis. It has been demonstrated throughout 
archaeological deposits in the West Indies that “land crabs were intensively harvested” 
(Newsom & Wing, 2004:196; see also Quitmyer, 2003; Serrand, 2002; Wing, 2001), especially 
during the Saladoid period (ca. 500 B.C.-A.D. 600). Intensive land crab harvesting was also 
practiced in later prehistory on San Salvador, as shall later be demonstrated. LaPilusa & 
Heilveil (2011) report similarly heavy exploitation of land crabs on modern Andros Island, 
Bahamas for feasting purposes. 
C. pica shell fragments (very few complete specimens were found) were quantified, 
weighed and tabulated separately for each excavation level. C. pica is readily identifiable 
by its notable black-and-white coloration and its top-like (or turban-like) shape (Lawson, 
1993; Robertson, 2003). Fragmented specimens of C. pica are easily identifiable based on 
color and sometimes morphology; in the absence of coloration, the shiny whitish-yellow 
nacre inside the shell may sometimes be used as an additional diagnostic indicator (Blick 
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& Murphy, 2005). C. pica has been called, “the third most important marine invertebrate 
species eaten by man in the West Indies…. [Today] Its stocks are depleted at many places, 
large animals having been selectively removed by fishermen and others” (Robertson, 
2003; see also Wing, 2001). Depletion of this stock will also be demonstrated for pre-
Columbian San Salvador. 
Dorsal plates and dorsal plate fragments of chitons (C. tuberculatas and/or A. granulata) were 
quantified, weighed and tabulated separately for each excavation level. Chitons are readily 
identifiable by their eight keeled, overlapping, hinged dorsal plates (Diehl, et al., 1988). 
Unfortunately, this creature has not been well reported archaeologically (see Keegan, 1992; 
Newsom & Wing, 2004), and there is generally no attempt to distinguish the two similar 
species in the archaeological record (Jones, 1985; Keegan, Portell, & Slapcinsky, 2003; 
Newsom & Wing, 2004). It is said that the dorsal plate of the C. tuberculatus is “heavily 
keeled” (Diehl, et al., 1988:52) in comparison to that of A. granulata. Chitons are considered 
intertidal creatures that “inhabit rock faces near the high tide line” (Diehl, et al., 1988:52), so 
their presence inland (away from the rocky swash zone) on an archaeological site is 
considered to be indicative of human collection, transport, and eventual consumption (Blick, 
2003; Keegan, 1992). 
Sparisoma viride (Bonnaterre, 1788) (stop light parrotfish) premaxillae, dentaries, and 
upper and lower pharyngeal grinding mills are readily identifiable in the archaeological 
record (Reitz & Wing, 1999:55, Fig. 3.11) and are relatively easy to assign to left or right 
sides allowing for quick calculation of MNI (minimum number of individuals, the 
smallest number of individuals necessary to account for all skeletal or other preserved 
elements of a given species). The lower pharyngeal grinding mill (LPGM) width was 
taken as a lateral measurement at the greatest medio-lateral breadth (aka greatest width) 
of the grinding mill from the right posterior edge to the left posterior edge of the grinding 
plate surface (Blick, 2007; see also Bellwood, 1994:25, Fig. 12; Carder, Reitz, & Crock, 
2007:591, Fig. 3). LPGM length was taken as an antero-posterior measurement from the 
anterior edge to the posterior edge of the grinding plate surface (Blick, 2007). See 
Bellwood (1994:25, Fig. 12e) and Reitz & Wing (1999:55, Fig. 3.11d) for illustrations of the 
S. viride LPGM (but note that Bellwood and Reitz & Wing label anterior differently in 
these diagrams). The technique for taking these measurements was modeled after Reitz’s 
lateral and antero-posterior measurements (personal communication, July 2004). 
Fragmentary LPGMs were not measured unless at least one of the two measurements was 
possible. Parrotfishes have been reported as a major subsistence item of the Lucayans on 
San Salvador (Hoffman, 1967; Whyte, Berman, & Gnivecki, 2005; Wing, 1969; Winter & 
Wing, 1995). The large sample size of S. viride LPGMs (MNI = 249) at Minnis-Ward made 
this bony element particularly amenable to statistical analyses to investigate change over 
time of one heavily utilized marine (coral reef) resource. 
Serranidae (sea bass/grouper) atlases are particularly diagnostic due to the presence of an 
anterior medial protuberance and dual superior articular facets which articulate with the 
paired exoccipitals of the basioccipital portion of the neurocranium (Nanny Carder, personal 
communication, July 2004; Carder, Reitz, & Crock 2007). The serranids most likely present in 
and around the waters of San Salvador are the groupers, especially Epinephelus morio 
(Valenciennes, 1828) (red grouper) and E. striatus (Bloch, 1792) (Nassau grouper) and certain 
members of the genus Mycteroperca such as M. tigris (Valenciennes, 1833) (tiger grouper) and 
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M. venenosa (Linnaeus, 1758) (yellowfin grouper). In fact, most of the grouper remains 
identified at the Minnis-Ward and North Storr’s Lake sites appear to be those of E. morio 
based upon morphology (Florida Museum of Natural History disarticulated comparative 
specimen). The serranid atlas width was taken as a lateral measurement at the greatest 
medio-lateral breadth on the anterior portion of the vertebral centrum (Morales & 
Rosenlund, 1979; Reitz, 1994; see also Reitz & Wing, 1999:176, Fig. 7.3 for an illustration of 
where the atlas width is taken). The serranid atlas height was taken as the greatest dorso-
ventral height of the vertebral centrum (Morales & Rosenlund, 1979; see also Blick, 2006, 
2007). 
Based upon the serranid atlas width measurement described above, an allometric formula 
(Reitz & Wing, 1999; Wing, 2001; Wing & Wing, 2001) was used to calculate serranid body 
weight from the atlas width. An allometric formula is an “equation [that] describes the line 
that statistically best fits the data and is calculated by the method of least squares” (Reitz & 
Wing, 1999:70). Using the atlas widths of a particular fish, one can correlate “dimensions of 
fish skeletal elements and total weight or length” (Reitz & Wing, 1999:70) of that particular 
class or family of fish (there are separate formulae for different categories of fishes, so one 
must chose the formula one uses with care). In this case, for the serranid atlases analyzed for 
the present chapter, the formula utilized was one derived from a sample of teleost fish atlas 
widths utilized in other similar studies by Wing (2001) and Wing & Wing (2001:3, Table 2): 
  log Y = log a+b (logX)  (1) 
where: 
X = the measurement of the skeletal element (atlas width, mm) 
Y = the estimated body weight (g) 
log a = the Y-intercept (.872) 
b = the slope of the line (2.53) 
Since sample size is largest at the Minnis-Ward site, the total number of identified vertebrate 
taxa (a measure of “richness”) was calculated for each archaeological level in the 5x5 m 
excavation unit. This simply amounted to a presence/absence analysis of whether a 
vertebrate taxon was present or not in a particular archaeological level and does not take 
into account “abundance” (how many individuals or specimens are present within a 
particular taxon). For each archaeological level, from earliest (deepest) to most recent, the 
number of taxa present were summed to yield the total number of identified taxa per 
archaeological level to assess whether or not there was a generally observable decline in taxa 
richness as one might expect as resources are continuously exploited over time (Newsom & 
Wing, 2004; Pauly et al., 1998; Reitz & Wing, 1999; Wing, 2001; Wing & Wing, 2001). 
Prehistoric vertebrate fauna identified in the Minnis-Ward materials include a number of 
predominantly tropical reef taxa and other fishes, and generally identified Cheloniidae. 
Intrusive vertebrate fauna include the post-Columbian European introductions of Rattus sp. 
(Linnaeus, 1758) (rat) and Caprinae (possible Barbadan sheep; Reitz, personal 
communication, July 2004) which have an associated AMS radiocarbon date of A.D. 1690-
1900 (UGAMS-17156, calibrated, 2-sigma). The post-Columbian introductions were 
excluded from the analysis of prehistoric change in the total number of identified taxa. The 
complete list of identified vertebrate taxa at Minnis-Ward is presented in Table 1. 
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Family or Taxon Genus (& species if possible) Trophic Level Level 3 Level 2 Level 1 L3TL L2TL L1TL
Belonidae Tylosurus  (?) 4.46
Serranidae 1 1 1
Epinephelus  cf. morio 3.60 1 1 1 3.60 3.60 3.60
Epinephelus  sp. 3.60 1 1 1 3.60 3.60 3.60
Carangidae Caranx  cf. latus 4.36 1 4.36
Caranx  sp. 4.36 1 4.36
Lutjanidae 1
Haemulidae Haemulon  (?) 3.27
Sparidae Calamus  cf. bajonado 3.17 1 1 1 3.17 3.17 3.17
Labridae 1 1 1
Halichoeres  cf. radiatus 3.26 1 1 1 3.26 3.26 3.26
Halichoeres  sp. 3.26 1 1 3.26 3.26
Scaridae Scarus  cf. coelestinus 2.02 1 1 1 2.02 2.02 2.02
Scarus  cf. vetula 2.03 1 1 1 2.03 2.03 2.03
Scarus  sp. 2.02 1 1 1 2.02 2.02 2.02
Sparisoma  cf. rubripinne 2.00 1 2.00
Sparisoma viride 2.00 1 1 1 2.00 2.00 2.00
Acanthuridae Acanthurus coeruleus 2.01 1 2.01
Acanthurus  sp. 2.01 1 2.01
Scombridae 1
Balistidae Balistes  cf. vetula 3.40 1 1 1 3.40 3.40 3.40
Diodontidae Diodon 3.37 1 3.37
UID Fish 1 1 1
Cheloniidae (Chelonia mydas ? - herbivore) 2.00 1 1 1 2.00 2.00 2.00
UID Bird (Aves) 1
Mammal Rattus  (UID Mammal?)* 1
Mammal Caprinae (Barbadan sheep?)** 1
TOTAL 21 16 15 2.82 2.77 2.76
*possible intrusive/post 1492 from
**possible historic/post 1780 fishbase.org
 
Table 1. Complete list of identified vertebrate taxa at Minnis-Ward. Trophic levels for each 
taxon are provided as is taxon presence/absence information for each of the archaeological 
Levels 3-1. Total numbers of identified taxa are provided in the Total row, as are the average 
trophic level figures for each archaeological level. Taxa not positively identified, indicated 
by (?), and historic/intrusive taxa, have been left out of the pre-Columbian trophic level 
calculations. Trophic levels are based on Froese & Pauly (2005). Note: L3TL = Level 3 trophic 
level, etc. 
Each of the vertebrate taxa identified at Minnis-Ward was assigned a trophic level which is 
basically an animal’s place in the food chain. These trophic levels are based on Pauly et al. 
(1998) and Froese & Pauly (2005) who rank primary producers as 1 and apex predators near 
5. Trophic level values (and their explanations) for each of the identified taxa are available 
on the Internet at www.fishbase.org (Froese & Pauly, 2005). The trophic level analysis of 
Wing (2001; Wing & Wing, 2001) was inspirational and subsequently modified for specific 
application to the available archaeological dataset from the Minnis-Ward site for the 
purposes of this chapter. Utilizing the presence/absence analysis of the number of identified 
taxa (described above), each taxon was assigned a 1 or a 0 if it was present or absent, 
respectively, in a particular archaeological level. The trophic levels for each individual taxon 
were then multiplied by a 1 if the taxon was present or a 0 if the taxon was absent, summed 
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within each archaeological level, and an average or mean trophic level was then calculated 
for each of the archaeological strata or excavated levels (Table 1). This allowed for a general, 
yet revealing, analysis of prehistoric change in trophic level across time as represented by 
each of the archaeological strata from earliest (deepest) to most recent. 
4. Results 
Beginning with our invertebrate fauna, there were significant declines over time in the 
weight of Gecarcinidae (land crab) remains at both the Minnis-Ward site (SS-3) and North 
Storr’s Lake (SS-4). In the three archaeological levels at Minnis-Ward on the northwestern 
corner of San Salvador, weight of land crab remains declines linearly from 56.1 g in Level 3 
to 19.1 g in Level 1 (Figure 3). The approximate time frame of this decline is ca. A.D. 880-
1490 (calibrated, 2 sigma) based on previously reported radiocarbon dates for the Minnis-
Ward site (Blick, Creighton, & Murphy, 2006, Appendix 1; Blick & Dvoracek, 2011; Winter, 
1981, 1997). The significance of this decline was measured using a likelihood ratio test 
(Myers et al., 1995) with Poisson distribution yielding p = 0.00001. The likelihood ratio test 
was utilized rather than linear correlation due to the sample size of archaeological levels 
involved (n = 3), although it should be noted that there are hundreds of crab fragments per 
archaeological level that contributed to the total weight for each level (total of 687 land crab 
fragments in all three levels combined). This likelihood ratio test assumes that the average 
weight per fragment per level is equal, an assumption validated through the construction of 
confidence intervals for the counts and weights of Gecarcinidae fragments for each 
archaeological level (Jason Stover, personal communication, April 2005). At the North 
Storr’s Lake site on the northeastern side of San Salvador, weight of Gecarcinidae remains 
declines in near-linear fashion from 50.0 g in Level 5 to 15.1 g in Level 1 (Figure 3). The 
approximate time frame of this decline is ca. A.D. 1300-1520 (calibrated, 2-sigma) based on 
recent AMS radiocarbon dates from North Storr’s Lake (Blick & Dvoracek, 2011; Blick, 
Creighton, & Murphy, 2006, Appendix 1). The significance of this decline was measured 
using a likelihood ratio test with Poisson distribution yielding p < 0.001. The likelihood ratio 
test was utilized rather than linear correlation due to the sample size of archaeological levels 
involved (n = 5), although it should be noted that there are hundreds of crab fragments per 
archaeological level that contributed to the total weight for each level (total of 1320 land crab 
fragments in all five levels combined). 
Weight of the mollusk C. pica remains declines significantly at the Minnis-Ward site from 
402.4 g in Level 3 to 97.5 g in Level 1 (Figure 4). The approximate time frame of this decline 
is ca. A.D. 880-1490 (calibrated, 2-sigma) based on previously reported radiocarbon dates for 
the Minnis-Ward site (Blick, Creighton, & Murphy, 2006, Appendix 1; Blick & Dvoracek, 
2011; Winter, 1981, 1997). The significance of this decline was measured using a likelihood 
ratio test with Poisson distribution yielding p = 0.012. The likelihood ratio test was utilized 
rather than linear correlation due to the sample size of archaeological levels involved (n = 3) 
although it should be noted that there are tens to hundreds of C. pica fragments per 
archaeological level that contributed to the total weight for each level (total of 277 C. pica 
fragments in all three levels combined). Another mollusk, S. gigas, also exhibits a dramatic 
decline in raw count at the Minnis-Ward site (Blick, 2004:16, Tables 3 and 4), indicative of 
general decline in mollusks over time. 
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Similarly, weight of chiton (C. tuberculatus/A. granulata) remains declines significantly at the 
Minnis-Ward site from 131.9 g in Level 3 to 64.3 g in Level 1 (Figure 5). The approximate 
time frame of this decline is ca. A.D. 880-1490 (calibrated, 2-sigma) based on previously 
reported radiocarbon dates for the Minnis-Ward site (Blick, Creighton, & Murphy, 2006, 
Appendix 1; Blick & Dvoracek, 2011; Winter, 1981, 1997). The significance of this decline was 
measured using a likelihood ratio test with Poisson distribution yielding p = 0.0211. The 
likelihood ratio test was utilized rather than linear correlation due to the sample size of 
archaeological levels involved (n = 3) although it should be noted that there are dozens of 
chiton fragments per archaeological level that contributed to the total weight for each level 
(total of 143 chiton fragments in all three levels combined).  
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Fig. 3. Decline in weight of Gecarcinidae (land crab) remains at the Minnis-Ward site (x, 
blue) from Level 3 to Level 1, ca. A.D. 880-1490 (likelihood ratio test with Poisson 
distribution, n = 687, p = 0.00001, least squares line: y = -18.5 x + 0.60) and decline in weight 
of land crab remains at the North Storr’s Lake site (o, red) from Level 5 to Level 1, ca. A.D. 
1300-1520 (likelihood ratio test with Poisson distribution, n = 1320, p < 0.001, least squares 
line: y = -8.725 x + 6.375). Open circles represent total weights of crab remains per 
stratigraphic level. 
Moving from the invertebrate to the vertebrate fauna, analysis of the width of the LPGM of 
the parrotfish S. viride reveals a statistically significant decline in size over time from an 
average of 13.102 mm in Level 3 to 12.106 mm in Level 1 (Figure 6). Once again, the 
approximate time frame of this decline is ca. A.D. 880-1490 (calibrated, 2-sigma) based on 
previously reported radiocarbon dates for the Minnis-Ward site (Blick, Creighton, & 
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Murphy, 2006, Appendix 1; Blick & Dvoracek 2011; Winter, 1981, 1997). The significance of 
this decline was measured using analysis of variance by examining the average width of 
LPGMs per archaeological level (n = 249, F-ratio = 3.747, p = 0.025). Likewise, analysis of the 
length of the LPGMs of S. viride reveals a moderately significant decline in size over time 
from an average of 11.210 mm in Level 3 to 10.313 mm in Level 1 over the same time frame 
mentioned above. The significance of this decline was measured using analysis of variance 
by examining the average length of LPGMs per archaeological level (n = 192, F-ratio = 2.361, 
p = 0.097, i.e., there is < 10 percent probability that the observed difference is due to random 
chance). Therefore, both the width and the length of the S. viride LPGM exhibit statistically 
significant declines in average size over time, reflecting decline in the average size of the 
entire organism. “Animals under intense predation show a decline in size as a result of 
overexploitation” (Southerland, 1990 in Reitz & Wing, 1999:67; see also Coleman et al., 2004; 
Conover & Munch, 2002; Pauly et al., 1998). Similar declines in the width and length of S. 
viride LPGMs have also been observed at the North Storr’s Lake site (SS-4) during the period 
ca. A.D. 1300-1520 (calibrated, 2-sigma), although current sample sizes are not statistically 
adequate to verify this trend (Blick, 2007). 
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Fig. 4. Decline in weight of Cittarium pica (West Indian top shell) remains at the Minnis-
Ward site from Level 3 to Level 1, ca. A.D. 880-1490 (likelihood ratio test with Poisson 
distribution, n = 277, p = 0.012, least squares line: y = -152 x + -104). Open circles represent 
total weights of C. pica remains per stratigraphic level. 
Measurements of the widths of Serranidae atlases from the Minnis-Ward site reveal a 
bimodal distribution likely indicative of the exploitation of different sized serranids and/or 
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the use of different fishing techniques (Figure 7), a finding similar to that of Reitz (1994) for 
grouper on Montserrat. For example, it is generally the case that nets or traps are used to 
catch smaller fish and that hook and line are more effective in catching larger fish (Froese & 
Pauly, 2005; Keegan, 1986; Wing & Reitz, 1982), especially predatorial serranids like E. morio 
and E. striatus that are more likely to take bait from a hook (Froese & Pauly, 2005; Ostrander 
& Brocksmith, 1997). The bimodal distribution of Serranidae atlases in Figure 7 was shown 
to be statistically significant through the use of a Kolmogorov-Smirnov (K-S) test for 
normality to determine if two different populations are represented in the sample. The 
results of the K-S test were based on a sample size of n = 30 (D = 1.000, p < 0.0001); a t-test 
also indicated a significant difference between the two serranid populations (n = 30, t = -
11.294, p < 0.0001). These results were also confirmed with hierarchical cluster analysis and 
K-means cluster analysis (Figure 8) (F-ratio = 122.248, p < 0.0001) that divided the serranids 
into two natural clusters with a clear divide in atlas widths at ca. 15 mm. 
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Fig. 5. Decline in weight of chiton remains at the Minnis-Ward site from Level 3 to Level 1, 
ca. A.D. 880-1490 (likelihood ratio test with Poisson distribution, n = 143, p = 0.0211, least 
squares line: y = -34.2 x + 18.6). Open circles represent total weights of chiton remains per 
stratigraphic level. 
Using the allometric formula to calculate fish weight from the atlas width (Wing, 2001; Wing 
& Wing, 2001), two groups of serranids result: Size Group 1 or the smaller serranids with an 
average atlas width of 11.219 mm (range 9.20-13.20 mm) estimated to weigh an average of 
3470.13 g (7.65 lb) (range 2043.54-5093.92 g), and Size Group 2 or the larger serranids with an 
average atlas width of 18.047 mm (range 15.75-21.60 mm) with an estimated body weight 
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averaging 11,456.66 g (25.26 lb) (range 7963.79-17,707.94 g) (Figure 9). It is therefore 
hypothesized that the smaller serranids were likely caught in traps while the larger 
serranids were more likely taken with hook and line. Additional analyses of the widths and 
heights of Serranidae atlases at Minnis-Ward reveal a general decline in size over time 
during the period ca. A.D. 880-1490, although these declines are not statistically significant 
at the 0.05 level due to small sample size (especially per-level sample size) (Figure 10). 
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Fig. 6. Decline in the width of the lower pharyngeal grinding mill of Sparisoma viride (stoplight 
parrotfish) at the Minnis-Ward site from Level 3 to Level 1, ca. A.D. 880-1490 (ANOVA, n = 
249, F-ratio = 3.747, p = 0.025). Each of the box plots shows median LPGM width (horizontal 
line within box), interquartile range (box), and range (whiskers) for each stratigraphic level. 
The total number of identified taxa shows a notable decline over time from 21 total taxa in 
Level 3 to 14 taxa in Level 1 (Figure 11). The approximate time frame of this decline is ca. 
A.D. 880-1490 (calibrated, 2-sigma) based on previously reported radiocarbon dates for the 
Minnis-Ward site (Blick, Creighton, & Murphy, 2006, Appendix 1; Blick & Dvoracek, 2011; 
Winter, 1981,1987). This decline is not amenable to statistical analyses of the sort presented 
previously in this chapter due to the way the data were lumped into three archaeological 
levels yielding a sample size of n = 3. If one were to attempt linear correlation analysis to 
describe the strength of the decline in the total number of identified taxa in Level 3 to Level 
1, one would find r = 0.952 and r2 = 0.855, but linear correlation is not amenable to a sample 
size of three levels. It is clear from the slope of the line in Figure 11 that the decline in 
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identified taxa is dramatic, especially between Levels 3 and 2. Based on an AMS radiocarbon 
date of A.D. 1000±40 (UGAMS-17157, calibrated, 2-sigma) for Level 3 (Blick & Dvoracek, 
2011; Blick, Creighton, & Murphy, 2006, Appendix I), it is clear that total number of 
identified taxa (taken as a proxy for taxa richness) is higher during the earlier pre-
Columbian period (ca. A.D. 900-1150) than in later pre-Columbian times (ca. A.D. 1300-1490) 
at Minnis-Ward. Decline in ecosystem richness is generally interpreted as resulting from 
human overexploitation, in this case fishing pressure, although other ecological factors may 
also be responsible (e.g., climate change, see Discussion, below).  
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Fig. 7. The bimodal distribution of Serranidae (sea bass/grouper) atlases at the Minnis-Ward 
site is statistically significant based on the results of a Kolmogorov-Smirnov test (n = 30, D = 
1.000, p < 0.0001) and a t-test (n = 30, t = -11.294, p < 0.0001). This morphological dichotomy 
suggests different sized serranids were caught using different fishing techniques. 
Likewise, the average trophic levels for archaeological Levels 3 through 1 at Minnis-Ward 
decline over time from a mean of 2.819 to 2.760 (on a scale of 1 to 5) (Figure 12). This decline 
in trophic level is similar in scale to that reported by Wing & Wing (2001, Fig. 6) for Nevis, 
Puerto Rico, Saba, St. Martin, and St. Thomas during the period ca. A.D. 100-1390. The 
approximate time frame of this decline at Minnis-Ward is ca. A.D. 880-1490 (calibrated, 2-
sigma). The decline in trophic levels is not amenable to statistical analyses of the sort 
presented previously in this report due to the way the data were lumped into three 
archaeological levels yielding a sample size of n = 3. If one were to attempt linear correlation 
analysis to describe the strength of the decline in the average trophic levels from Levels 3 
through Level 1, one would find r = 0.933 and r2 = 0.871, but linear correlation is not 
amenable to a sample size of three. Based upon the same taxa dataset, yet calculated in a 
different manner (Table 1), the decline in average trophic level is notable, especially between 
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Levels 3 and 2. It is clear, therefore, that the average trophic level is higher in earlier pre-
Columbian times (ca. A.D. 900-1150) and had declined substantially by late prehistoric times 
(ca. A.D. 1300-1490). Such a decline in trophic level is generally interpreted as a result of 
overfishing (Pauly et al., 1998; Wing & Wing, 2001) and is symptomatic of the phenomenon 
known as “fishing down the marine food web” (Pauly et al., 1998). Not only does the 
average trophic level decline over time from Level 3 to Level 1 at the Minnis-Ward site, but 
a change in community composition was observed over time. For example, in Level 3 dated 
to A.D. 1000±40 (calibrated, 2-sigma), the average trophic level is 2.819 and there are both 
more carnivores and more herbivores among the identified taxa (Figure 13). The higher level 
carnivores consist of positively identified Caranx latus (Agassiz in Spix & Agassiz, 1831) 
(horse-eye jack) and a more generally identified member of the genus Caranx sp. (jack). 
Other fishes in the middle of the trophic scale in archaeological Level 3 include E. morio and 
a more generally identified member of the genus Epinephelus, Balistes vetula (Linnaeus, 1758) 
(queen triggerfish), Halichoeres radiatus (Linnaeus, 1758) (puddingwife) and Halichoeres sp., 
and positively identified Calamus bajonado (Bloch & Schneider, 1801) (jolthead porgy).  
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Fig. 8. K-means cluster analysis (n = 30, F-ratio = 122.248, p < 0.0001) divides the Serranidae 
at the Minnis-Ward site into two natural clusters with a clear divide in atlas widths at ca. 15 
mm (compare to Figures 7 and 9). 
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Fishes and other organisms ranked as herbivores in Level 3 include a variety of Scaridae, 
Acanthuridae, and even Cheloniidae, probably Caretta caretta (Linnaeus, 1758) (loggerhead 
turtle) (Table 1). In Level 2, the carnivorous Caranx spp. are no longer present, the mid-level 
Halichoeres sp. disappears, and the herbivorous Sparisoma rubripinne (Valenciennes, 1840) 
(yellowtail parrotfish) and Acanthurus spp. (tangs) are missing. Level 2 gains a mid-level 
feeder with the presence of Diodon, probably D. hystrix (Linnaeus, 1758) (porcupinefish), 
while Level 1 has the same taxa as Level 2 with the exception of Diodon and the 
reappearance of Halichoeres sp. Clearly, the decline in average trophic level and the change 
in community composition are more pronounced from Level 3 to Level 2 and continue to a 
lesser degree in Level 1. The significance of this alteration in community composition as a 
response to human exploitation will be addressed in more detail below. 
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Fig. 9. Two size groups of Serranidae at the Minnis-Ward site (n = 30, t = -11.294, p < 
0.000001). An allometric formula to calculate fish body weight from atlas width (see text) 
indicates that the smaller serranids, with an average atlas width of 11.387 mm, have an 
estimated mean body weight of 3470.13 g (7.65 lb); the larger serranids, with an average 
atlas width of 18.047 mm, have an estimated mean body weight of 11,456.66 g (25.26 lb). 
Each of the box plots show median atlas width (horizontal line within box), interquartile 
range (box), and range (whiskers) for each stratigraphic level. 
5. Discussion 
The time period of the declines of the weights and sizes of the various organisms discussed 
in this chapter basically covers the majority of the pre-Columbian occupation on the island 
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of San Salvador. Prehistoric deposits at the Minnis-Ward site (SS-3) date to ca. A.D. 880-1490 
(calibrated, 2-sigma) with Level 3 dating to ca. A.D. 900-1150, Level 2 corresponding to ca. 
A.D. 1150-1300, and Level 1 representing the latest pre-Columbian period, ca. A.D. 1300-
1490. Historic era radiocarbon dates from Minnis-Ward dating to the English colonization 
and Loyalist periods, ca. A.D. 1670-1900 and later, are associated with historically 
introduced material culture remains not considered in this chapter. Thus, the changes 
observed in the invertebrate and vertebrate fauna at Minnis-Ward described above occurred 
during the ca. 600-year period between ca. A.D. 880 to just prior to the arrival of Columbus 
in the Bahamas. Deposits from Blick’s 2005 excavation at North Storr’s Lake (SS-4) appear to 
date fairly late in the prehistoric sequence and cover a range from ca. A.D. 1300-1520 (Blick 
& Dvoracek 2011; Blick & Murphy, 2005; Blick, Creighton, & Murphy, 2006, Appendix I). 
Level 3 in the middle of the stratigraphic column at North Storr’s Lake dates clearly to A.D. 
1300-1370 (UGAMS-17152, calibrated, 2-sigma) while the more superficial Level 2 dates to 
A.D. 1390-1490 (UGAMS-17151, calibrated, 2-sigma). Therefore it is apparent that the 
deposit excavated by Blick at North Storr’s Lake represents the last ca. 200 years before the 
arrival of Columbus. Yet at both Minnis-Ward and North Storr’s Lake, despite their varying 
durations of occupation, it is possible to detect prehistoric human impact on the ancient 
environment through the analysis of changing weights, quantities, and sizes of biological 
organisms utilized by the Lucayans as food resources. 
The statistically significant diminution in the abundance of Gecarcinidae at both Minnis-
Ward (SS-3) and North Storr’s Lake (SS-4) is reminiscent of the decline in land crab 
abundance first noted by Rainey (1940) on pre-Columbian sites in Puerto Rico. Likewise, 
this decline in land crab remains has been noted on many Caribbean islands such as Antigua 
(Jones, 1985), Nevis, Puerto Rico, Saba, St. Martin, St. Thomas (Wing, 2001; Wing, deFrance, 
& Kozuch, 2002), St. John’s (Quitmyer, 2003), St. Kitts (Goodwin, 1980), and several islands 
of the French Lesser Antilles (Serrand, 2002). Today, this trend is recognized as a 
widespread phenomenon in the archaeological record of the Greater Caribbean (Serrand, 
2002). Factors such as climate change, habitat destruction, and human overexploitation have 
all been proposed as mechanisms for this pan-Caribbean decline in Gecarcinidae remains. 
Carlson & Keegan (2004:88), for example, have suggested that the decline in land crab 
remains (and subsequent replacement by mollusks in the diet) might have been due to 
“increased aridity at the end of the Saladoid period” (ca. A.D. 500). The climate change 
explanation for the decline in land crab abundance fails simply due to the fact that the 
decline in crab is observed at different time periods from relatively early in the Saladoid 
sequence (ca. A.D. 100-400) into later prehistory (ca. A.D. 1000-1500) (e.g., Newsom & Wing, 
2004). It is possible that habitat destruction due to agricultural practices (Jones, 1985) may 
have played a role in the decline of Gecarcinidae, but the most widely accepted explanation 
for this decline now appears to be human overexploitation of land crabs (Blick, 2006, 2007; 
Newsom & Wing, 2004; Serrand, 2002; Wing, 2001; Wing, DeFrance, and Kozuch, 2002). Hill 
(2001:6) gives us an idea of the intensity of this crab exploitation (in modern times): 
“Throughout the Bahamas and Caribbean, Cardisoma guanhumi is intensively exploited as a 
food resource. Harvesters of wild populations … have reported that as many as 400 crabs 
per harvester per night can be collected even during the months of lowest catch” (see also 
LaPilusa & Heilveil, 2011 for modern festival-related crab harvesting on Andros Island).  
The statistically significant decline of C. pica at the Minnis-Ward site resembles declines in 
abundance reported for other islands in the Caribbean such as Jamaica (Keegan, Portell, & 
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Slapcinsky, 2003), Saba, St. John, St. Martin, St. Thomas, and Nevis (Quitmyer, 2003; Wing, 
2001; Wing, deFrance, & Kozuch, 2002). At rare sites, there has been confusion regarding 
natural vs. human deposits of C. pica (Scudder & Quitmyer, 1998), but the majority of 
archaeological sites seems to provide evidence of C. pica as a substantial contributor to the 
pre-Columbian Caribbean diet (Jones, 1985; Keegan, 1992; Keegan, Portell, & Slapcinsky, 
2003; Newsom & Wing, 2004; Wing, 2001; Wing, deFrance, & Kozuch, 2002). Rainey (1940) 
indicated that with the decline of the Gecarcinidae there was a concomitant rise in the 
abundance of mollusks, especially C. pica. If measured by weight, however, there appears to 
be a synchronous decline in land crab as well as C. pica (see for example Wing, 2001:115, 
Table 2). C. pica is also recorded to decline in size at many Caribbean sites where aperture 
measurements have been taken (Quitmyer, 2003; Wing, deFrance, & Kozuch, 2002). 
Therefore, C. pica, throughout the Greater Caribbean, appears to have been subject to the 
same intensive harvesting pressures as the terrestrial Gecarcinidae, despite C. pica’s rocky 
intertidal habitat, to the point of local extirpation in some cases (Keegan, Portell, & 
Slapcinsky, 2003). Decline in the quantity of S. gigas at Minnis-Ward mirrors the decline in 
C. pica due to high levels of exploitation throughout the Greater Caribbean (Keegan, 1992; 
Keegan, Portell, & Slapcinsky, 2003; Robertson, 2003). Patterns of decline in abundance in 
both of these organisms (C. pica and S. gigas) reflect a major reliance upon mollusks as 
preferred high-ranking protein sources (Keegan, 1992:132, Table 6.1). 
The statistically significant decline of Chiton tuberculatus/Acanthopleura granulata at Minnis-
Ward echoes the trends of decline in abundance of Gecarcinidae and other edible mollusks 
(C. pica, S. gigas) previously reported. Although apparently neither well studied nor well 
reported, the decline in chiton is best explained by human overexploitation. The steady 
decline of chiton quantity and weight from Level 3 to Level 1 suggests depletion of the 
resource or its gradual abandonment as a dietary item. Chiton’s presence in an 
archaeological context is definitely a sign of human transport from its rocky intertidal 
habitat, and these organisms were likely consumed in prehistoric times as they are today by 
some of the inhabitants of San Salvador (Blick, 2003). Although similar in kilocalories per kg 
and grams of protein per kg to the more preferred S. gigas and C. pica (Keegan, 1992:132, 
Table 6.1), Keegan (1992:130) considers chiton to be a “low value” food “exploited during 
periods of food shortage” and “among the last items added to the diet.” It is interesting to 
note that the decline in chiton is synchronous with the declines in abundance and size of 
many other organisms reported herein. However, rather than a non-preferred starvation 
food as implied by Keegan, it is likely that chiton was being exploited like any other food 
resource. The generally low numbers of chiton throughout the deposits at Minnis-Ward (SS-
3) and North Storr’s Lake (SS-4) suggest that chiton occurred as a normal part of the 
Lucayan diet, although in very small quantities (Blick & Murphy, 2005). 
The statistically significant declines in both the width and length of S. viride LPGMs from 
Level 3-1 at Minnis-Ward provide some of the most striking evidence in this chapter of the 
effects of pre-Columbian resource overexploitation. Similar declines are also noted at North 
Storr’s Lake, although the sample sizes are too small to yield valid statistics (Blick, 2007). 
Declining sizes of parrotfishes have been reported for other islands in the Caribbean such as 
Nevis, Puerto Rico, Saba, St. Martin, and St. Thomas (Newsom & Wing, 2004; Wing, 2001; 
Wing, deFrance, & Kozuch, 2002, Wing & Wing, 2001). Declining size is one of the chief 
patterns that indicate that S. viride (and other reef fishes) was heavily exploited in 
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prehistoric times (Wing & Wing, 2001). The statistically significant decline in the size of the 
LPGM is taken as representative of decline in size of the overall organism. In the words of 
Newsom & Wing (2004:54), “Overexploitation can manifest itself in many ways and cause 
population changes. Chief among these in terms of faunal resources is size change. … 
Overexploitation by artisanal or subsistence fishermen and gatherers can result in a decline 
in the body size of territorial organisms,” such as coral reef dwelling parrotfishes (Wing & 
Wing, 2001). This size (and age structure) reduction is a result of what some scholars have 
termed growth overfishing – essentially catching fish before they have time to grow to 
maturity (Newsom & Wing, 2004; Russ, 1991). More on growth overfishing will be discussed 
in the next section on Serranidae atlas measurements. 
The two clusters of Serranidae atlases demonstrate two significantly different size groups of 
serranids (sea basses/groupers) at the Minnis-Ward site likely caught using two different 
capture techniques: nets or traps for the smaller (ca. 3470.13 g, 7.65 lb) serranids, and hook and 
line for the larger (ca. 11,456.66 g, 25.26 lb) serranids (Reitz, 1994; Wing 2001). For the purposes 
of the present discussion concerning overfishing, the most important result is that both 
serranid atlas width (and height) show declines in size over time from Level 3 to Level 1 at 
Minnis-Ward (Figure 10), although sample sizes are relatively small (n = 30), especially per-
level sample size. These declines in serranid average atlas widths and heights mirror the 
declines reported for Serranidae on St. Thomas and Nevis (Wing & Wing, 2001). Serranidae 
atlases also become less common in the deposits at Minnis-Ward, a trend noted for St. Thomas 
and Saba (Wing & Wing, 2001:5): “Serranids that dominated the early samples [periods] were 
less dominant or absent in the later samples.” The trend of declining atlas size for the serranids 
suggests three possibilities: 1) there was a gradual decline in serranid size over time; 2) 
serranids targeted in the earlier time period (Level 3) were slightly larger than targeted 
serranids in the later time periods (Levels 2 and 1); and/or, 3) the different size groups were 
caught with different harvesting technologies during the different time periods (sample size is 
currently too small to rigorously test these three hypotheses). Whichever the case, the decline 
in size of the serranid atlases over time suggests, once again, the phenomenon of growth 
overfishing (especially notable from Levels 3 to 2), with fishing selection pressure possibly 
resulting in some somatic size recovery in the latest pre-Columbian period, Level 1 (Conover 
& Munch, 2002). The decline in Serranid abundance (as reflected by the number of atlases) in 
later levels at Minnis-Ward indicates earlier targeting of higher level predatorial feeders and 
eventual altered composition of the coral reef community due to the removal of higher level 
predators by selective fishing practices (Wing, 2001; Wing & Wing, 2001) (more on the 
alteration of community composition due to overfishing will be discussed below). The decline 
of the predatorial serranids and the persistence of the herbivorous parrotfishes is likely due to 
the fact that, “Large predators such as groupers (Serranidae) … are more vulnerable to 
overfishing than reef herbivores” (Wing, 2001, citing Russ, 1991).  
It should be noted at this point that the evidence from both the S. viride LPGMs and the 
Serranidae atlases is strongly suggestive of growth overfishing (Russ, 1991; Wing, 2001; Wing, 
deFrance, & Kozuch, 2002; Wing & Wing, 2001). To find similar evidence in two such disparate 
groups of fishes is certainly striking. While both reef dwelling fishes, clearly the herbivorous S. 
viride and the carnivorous Serranidae both exhibit smaller average body sizes (as indicated by 
their particular skeletal elements) in the later deposits than in the earlier ones. Even though 
reef fishes, such as parrotfishes, are usually caught in traps and more aggressive predators are 
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typically caught with hook and line (Wing, deFrance, & Kozuch, 2002), both the S. viride and 
the Serranidae were being subjected to significant harvesting pressures at the same time. 
Growth overfishing is typically indicated by decline in body size of the targeted taxon as 
larger, older fish are removed from the population while smaller, younger fish escape harvest. 
Eventually, larger older fish become rare, and smaller younger fish become more common, 
resulting in declining average body size of the targeted taxon over time. While some might 
choose to debate whether the size changes described above are due to growth overfishing or 
some other factor, zooarchaeologists point to such changes as clear evidence of stress in the 
exploited species (Wing, 2001; Wing, deFrance, & Kozuch, 2002; Wing & Wing, 2001).  
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Fig. 10. Decline in Serranidae atlas widths at the Minnis-Ward site from Level 3 to Level 1, 
ca. A.D. 880-1490, suggestive of reduction in fish size over time (n = 30, p = 0.097, least 
squares line: y = -0.725 + 16.1). Open circles represent individual atlas widths. 
The decline in total number of identified taxa at the Minnis-Ward site is a rough measure of 
decline in taxa richness, or biodiversity. This decline is indeed dramatic and exhibits a drop 
of 33 percent (from 21 to 14) in identified taxa from the earliest pre-Columbian level to the 
latest. It is a known fact that island ecosystems are especially vulnerable to human-induced 
environmental change, including reduction in the number of endemic species (Bahn & 
Flenley, 1992; Burney, 1997; Newsom & Wing, 2004; Steadman, 1995). It is interesting to note 
that a rare bone of Aves (bird) appears in the vertebrate fauna of the earlier Level 3 but not 
in later pre-Columbian levels – island birds are known to be highly susceptible to human 
predation (Steadman, 1995). The pattern observed in the Minnis-Ward marine vertebrate 
assemblage is not simply due to growth overfishing. This trend represents a transition from 
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a fairly abundant pre-Columbian vertebrate fauna (mostly fishes and sea turtle) to a 
significantly reduced fauna most likely as the result of overexploitation and possibly even 
local extirpation of certain taxa. For example, Scombridae (tuna family), Caranx sp. and C. 
latus, all typically ranked as high-level predators, are present in the earlier level but absent 
in both later levels. This finding is in line with Wing & Wing’s (2001) observation of decline 
in abundance of predatory fishes on several Caribbean island sites since predators are more 
susceptible to overfishing compared to reef herbivores (Wing, 2001). Also present in the 
earlier Level 3 but missing from the later two levels are the herbivorous reef fishes S. 
rubripinne, Acanthurus sp., and A. coeruleus, most likely captured with traps. Typically, in a 
situation in which the predatory taxa are removed from the ecosystem, herbivores and 
omnivores flourish and increase in number (Wing, deFrance, & Kozuch, 2002). The 
demonstrated decline in size for S. viride, another obligate reef dweller, indicates that 
growth overfishing, or at a minimum fishing pressure, was being exerted on Scaridae and 
likely other reef dwelling taxa. This type of stress might explain the absence of S. rubripinne 
and the Acanthuridae from the later deposits at the Minnis-Ward site. Overall, Caranx sp., C. 
latus, S. rubripinne, Acanthurus sp., A. coeruleus, Scombridae, and Aves characterize the 
earlier pre-Columbian fauna at Minnis-Ward while absent in the later pre-Columbian levels. 
While some of this variation could be due to sampling error from level to level, the general 
pattern of declining biodiversity over time is striking indeed. 
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Fig. 11. Total number of identified vertebrate taxa at the Minnis-Ward site declines 
dramatically from 21 total taxa in Level 3 to 14 taxa in Level 1, indicative of a decline in 
biodiversity over time, ca. A.D. 880-1490 (n = 50, p < 0.001, least squares line: y = -3.50 x + 
9.67). Open circles represent individual identified taxa. 
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The observable decline in average trophic level from Level 3 to Level 1 at Minnis-Ward 
mirrors that found by Wing (2001) and Wing & Wing (2001) for five Caribbean islands 
including Nevis, Puerto Rico, Saba, St. Martin, and St. Thomas during the period ca. A.D. 
100-1390. Although the method utilized for the purposes of this chapter is not the same as 
that used by Wing (albeit modeled upon her work), the fact that similar results were 
obtained is encouraging and significant. The general hypothesis explaining declining 
trophic levels in fish catches over time is that high trophic level taxa – the predatorial, 
carnivorous fishes (in this case, represented by Caranx sp. and C. latus) are targeted and 
eventually extirpated first, followed by a shift to, or greater emphasis upon, lower trophic 
level taxa (in this case, represented primarily by the herbivorous and varied Scaridae) (see 
Pauly et al., 1998). According to Wing (2001:123), “Analysis of mean trophic levels is a way 
of examining these and other changes in marine organisms in the sites;” she goes on to note 
that in her study of five island archaeological sites, “Without exception the mean trophic 
levels of reef fishes declines [sic] in the later deposits.” Explaining these changes for the 
Tutu site on St. Thomas, Wing, deFrance, & Kozuch (2002:165) describe the mechanism 
driving declining trophic levels: “Overexploitation at the top of the food chain reduces this 
segment of the fauna…. This allows the populations of species at lower trophic levels to … 
become more available for further human exploitation.” Although referring to 
contemporary fisheries landings, Pauly et al. (1998:860) note that, “Fishing down food webs 
(that is, at lower trophic levels) leads at first to increasing catches, then to a phase transition 
associated with stagnating or declining catches. These results indicate that [these] 
exploitation patterns are unsustainable.” The concept of sustainability will be revisited in 
the Conclusions. 
Related to declining biodiversity and declining average trophic level is another observable 
trend in the faunal materials from the Minnis-Ward site: a change in the coral reef 
community composition over time. The primary notable changes are the absences of the 
Carangidae, S. rubripinne, and the Acanthuridae in the two later levels. Change in 
community composition is generally taken to represent the result of human exploitation that 
typically targets apex predators first (Baum et al., 2003; Caddy et al., 1998; Conover & 
Munch, 2002; Hawkins & Roberts, 2004; Jackson et al., 2001; Wing, 2001). Depletion of 
predatory species (such as groupers, jacks, etc.) then causes a cascade effect, altering 
community composition as a result of harvesting practices that eventually switch to lower 
level feeders in the absence of carnivores (Coleman et al., 2004; Hawkins & Roberts, 2004; 
Jackson et al., 2001; Mumby et al., 2006; Pandolfi et al., 2003; Pauly, Froese, & Christensen, 
1998; Pauly et al., 1998; Wing, 2001; Wing, deFrance, & Kozuch, 2002); this phenomenon is 
generally referred to as “fishing down the marine food web” (Pauly et al., 1998). Coleman et 
al. (2004:1959) report that, “Commercial and recreational fishing have similar demographic 
and ecological effects on fished populations. They truncate size and age structures, reduce 
biomass, and alter community composition. … All these fishery removals can cause 
cascading trophic effects that alter the structure, function, and productivity of marine 
ecosystems.” Hawkins & Roberts (2004:15), in their study of fishing pressure on six 
Caribbean islands, have shown that, “intensive artisanal fishing has transformed Caribbean 
reefs” (Hawkins & Roberts, 2004:215) by targeting larger-bodied individuals, reducing 
fishery biomass, and causing cascading effects and eventual depletion and reduction in size 
of predatory groupers, snappers, and reef herbivores – especially parrotfishes. This appears 
to be what happened in the case of the Minnis-Ward vertebrate fauna (composed mostly of 
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fishes). The findings of Hawkins & Roberts (2004:225) indicate that, “[modern] artisanal 
fisheries have transformed coral reefs in ways that seriously compromise their ecological 
and economic value.” It would appear, based upon the evidence presented above, that the 
same was true for the prehistoric subsistence fishery of the Lucayans on San Salvador. 
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Fig. 12. Average trophic level at the Minnis-Ward site declines notably from a mean of 2.819 
in Level 3 to 2.760 in Level 1, indicative of fishing down the marine food web over time, ca. 
A.D. 880-1490 (n = 50, p < 0.001, least squares line: y = -2.95 x + 2.72). Open circles represent 
individual trophic levels calculated for each stratigraphic level. 
Finally, some last words should be said about the possible effects of climate change on the 
trends observed in the invertebrate and vertebrate fauna at both the Minnis-Ward and 
North Storr’s Lake sites. It should be noted that the time period represented by the various 
archaeological levels reported herein, ca. A.D. 900-1500, marks a time of major transition 
between two widely recognized global climate phenomena: the Medieval Warm Period 
(MWP), ca. A.D. 800-1250, and the Little Ice Age (LIA), ca. A.D. 1300-1850 (Archer, 2007; 
Broecker, 2001; Cook et al., 2004; Cronin, 1999; deMenocal et al., 2000; Fagan, 2000, 2004; 
Goudie, 1992; Hardy, 2003; Keigwin, 1996; Osborn & Briffa, 2006; Sridhar et al., 2006; R. 
Wilson, Drury, & Chapman, 2000). At the time of the MWP, sea surface temperatures (SSTs) 
are recorded as being ca. 1oC warmer than today, while during the LIA SSTs were ca. 1oC 
cooler than today (Keigwin, 1996). In fact, based on a study of archaeological Codakia 
orbicularis (Linnaeus, 1758) (tiger lucine) dated to A.D. 1440-1530 (calibrated) from the 
Pigeon Creek site on San Salvador, nearby Pigeon Creek winter surface temperatures are 
estimated to have been 1.65-2.33oC cooler than at present (Cerajewski, 2002). Clearly, cooler 
SSTs in an otherwise semi-tropical region would likely have a negative effect on fisheries 
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richness and abundance. For example, the Atlantic cod fishery declined notably during the 
late LIA due to colder temperatures and resulting lower productivity (Rose, 2004). Whether 
a shift to a slightly cooler climate can explain the decline in the terrestrial Gecarcinidae as 
well as the decline in average trophic level (which would suggest that higher level fishes 
were somehow affected disproportionately compared to lower level feeders) seems 
doubtful. It is asserted that the declines in weights, sizes, number of identified taxa, and 
trophic levels that have been described in this research are most parsimoniously attributed 
to human predation and overexploitation of the various resources under consideration 
(Carlson, 1999; Carlson & Keegan, 2004; Keegan, Portell, & Slapcinsky, 2003; Newsom & 
Wing, 2004; Quitmyer, 2003; Wing, 2001; Wing, deFrance, & Kozuch, 2002; Wing & Wing, 
2001). 
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Fig. 13. Decline in average trophic level and alteration of community composition of marine 
vertebrate fauna at the Minnis-Ward site (SS-3), A.D. 880-1490. Note that there are both 
more carnivores and more herbivores (trophic levels 5 and 2, respectively) in the earlier 
Level 3 compared to the later levels. Average trophic level is indicated numerically in the 
center of each box plot. Each of the box plots show average and median trophic level 
(horizontal line within box), interquartile range (box), and range (whiskers) for each 
stratigraphic level. Open circles represent individual identified marine taxa.  
6. Conclusions 
Confidence in the results presented above is bolstered by the fact that similar trends are 
apparent in multivariate datasets involving terrestrial (Gecarcinidae), intertidal (C. pica, 
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Chiton tuberculatus/Acanthopleura granulata), and marine (S. viride and Serranidae) fauna 
from two different archaeological sites and slightly different time periods: the Minnis-Ward 
site (SS-3) dating to ca. A.D. 880-1490, and the North Storr’s Lake site (SS-4) with deposits 
dating to ca. A.D. 1300-1520. Trends of decline in abundance and size of exploited resources 
appear to have occurred during both earlier (ca. A.D. 900-1150) and later (ca. A.D. 1300-
1490) pre-Columbian periods on San Salvador, regardless of the length of duration of the 
deposits (ca. 600 years for Minnis-Ward and ca. 200 years for North Storr’s Lake). These 
trends involve declines in abundance (as measured by weight in g), declines in sizes (as 
measured in mm on key skeletal elements), and declines in number of identified taxa 
(reflecting declining biodiversity) and trophic levels (reflecting the elimination of higher 
level feeders and alteration of community composition) across time as recorded in the 
various archaeological levels of the two sites. The reliability of the present research is 
verified by the fact that other scholars have recorded analogous findings using similar 
techniques on multiple Caribbean islands on deposits ranging in age from ca. 500 B.C.-A.D. 
1500. In the words of Worm et al. (2006:787), “when the available experimental data are 
combined, they reveal a strikingly general picture” – and that is a picture of prehistoric 
overexploitation of terrestrial and intertidal resources, such as land crabs and various 
mollusks, and overfishing of marine coral reef dwellers such as Scaridae and Serranidae.  
This brings us to the issue of sustainability, particularly regarding the sustainability and 
maximum sustainable yield (MSY) of coastal and maritime organisms. Sustainability 
refers to the idea that an “activity can be maintained without exhaustion or collapse” 
(Harper, 2004:276). Another widely accepted definition of sustainability is that an activity 
“meets the needs of the present without compromising the ability of future generations to 
meet their own needs” (World Commission on Environment and Development, 1987). 
MSY is often defined as “maximum use that a renewable resource can sustain without 
impairing its renewability through natural growth or replenishment” (European 
Environment Agency, 2006). Equipped with the above definitions, and based on the 
evidence at hand, it is now possible to answer the question, “Did the Lucayans of San 
Salvador practice sustainable harvesting/fishing practices?” The answer would appear to 
be “No.” Lucayan harvesting of land crabs, intertidal mollusks, and fishes in the nearby 
coral reefs appears to have resulted minimally in the exhaustion of the resources under 
consideration. By over-harvesting and fishing down the local marine food web, Lucayans 
were engaging in opportunistic subsistence practices that, in our opinion, would have 
eventually compromised the ability of future generations to meet their needs (this lifestyle 
was put to a premature end with the arrival of Columbus and subsequent Spanish slave 
raiders who exterminated the Lucayans between 1492 and 1513; see Sauer, 1966). It is also 
clear that the Lucayans did not practice MSY since the evidence suggests that they were 
engaged in growth overfishing of certain marine organisms including S. viride and certain 
Serranidae. Continuation of these harvesting and fishing practices certainly would have 
impaired the renewability of terrestrial, intertidal, and local marine (coral reef) 
ecosystems due to the interruption of natural growth and replenishment processes by 
Lucayan subsistence practices. 
It should be noted that the prehistoric Lucayan population of San Salvador is estimated to 
have been relatively low – in the range of 500-1000 people (Blick, 2011b; Kelley, 1992), 
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although some scholars (based upon erroneous extrapolations of the data, in our opinion) 
argue for a much larger total population of 2250 with a range of 1000-4400 people 
(Pickering, 1997). Based upon the number of archaeological sites on San Salvador and 
throughout the Bahamas per square kilometer of land area (Keegan, 1992, 1997), the total 
population of the Bahamas is estimated to have been ca. 46,800-87,750 (Blick, 2011b), a 
range that corresponds well with Spanish conquest documents (Craton & Saunders, 1992; 
Pickering, 1997; Sauer, 1966). Based on our calculations, the total population of San 
Salvador (land area ca. 101 km2, total area 163 km2) would have been ca. 535-1008 people 
(Blick, 2011b) with a population density of ca. 5.30-9.98 per km2. This estimated 
prehistoric population range is near the modern fluctuating population of San Salvador, 
465-970 people (White, 1985; see also Government of the Bahamas, 2005), suggesting some 
sort of upper limit for the carrying capacity of the island. The prehistoric Minnis-Ward 
site probably contained some 15-18 houses (Blick, 2003, 2004) with an estimated 
population of ca. 120-144 people (at 8 persons per ordinary house; see Ramcharan 2004:83-
84, Table 5.3). According to Columbus’ Diario, villages were small in the Bahamian 
Archipelago with some 120-225 people living in approximately 12-15 houses per village 
(Dunn & Kelley, 1989; Rouse, 1992). The late Lucayan village at North Storr’s Lake was 
probably similar in size. All of these figures suggest that the environmental impact 
recorded in the faunal remains of pre-Columbian San Salvador was likely caused by a 
relatively small human population with a low, hunter-gatherer/horticulturalist type 
population density. 
The evidence presented in this chapter indicates that relatively minor, low density human 
populations can have significant environmental impacts, especially on small, vulnerable 
island ecosystems. In the words of Quitmyer (2003:131-132), “Island ecosystems are 
particularly fragile and susceptible to human disturbances because their biological 
reservoirs are small and not easily replenished. … human contact, even at very low levels 
of cultural complexity, can degrade the environment … The most dramatic evidence 
appears in the faunal records of island midden deposits” (the subjects of the excavations 
at the Minnis-Ward and North Storr’s Lake archaeological sites). Although once 
considered “Ecological Indians” (Krech, 1999), it has become clear that even small 
indigenous populations have had serious impacts on their local environments via 
horticultural and animal exploitation practices (Redman, 1999). The findings presented in 
this chapter have major implications regarding the sustainability of fisheries, the effect of 
human population size and resource pressure, and human-induced environmental 
impacts in the past, present, and future.  
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